In recent years, the use of solar energy has become an alternative source of energy of great importance. Several researches and efforts have been concentrated on the improvement of the efficiency of photovoltaic systems and in the accessibility to this technology. In this sense, this work presents a buck converter controlled by P&O technique for the maximum power point tracking of the photovoltaic panel. The system is simulated and implemented experimentally using a microcontroller device. The analysis by simulations and practical results show a good performance of the control technique and the improvement of the efficiency of the system.
Introduction
In recent decades, researches on the use of solar energy as an alternative source of energy have become a role of prominence in the field of electrical engineering.
In parallel, new materials for the manufacture of photovoltaic panels and new methods of control are being developed to reduce costs and increase the efficiency of power converters. Among these techniques, a great effort has been spent with the algorithms for the maximum power tracking (MPPT) considering the variations of parameters such as temperature, solar irradiation or the load of the system. Several techniques for maximum power point tracking are based on the comparison between the measurements current and previous of the power delivered by photovoltaic panel [1] . From these, other algorithms of control have been developed as the short circuit current or open circuit voltage techniques and perturbations methods [2] [3] [4] [5] . In general, the first class of papers assumes slow variations of parameters while the second works with rapidly changing environmental conditions. Most commonly, the climatic conditions do not change with great severity, becoming appropriate to use the methods based on the comparison of output power. Usually, these methods are easier to the digital implementation and they offer a good stability of operation.
This paper presents a buck converter controlled by Perturb and Observer (P&O) technique for the maximum power point tracking of the photovoltaic panel. Firstly, a complete analysis of the photovoltaic devices and converter is developed in the MatLab environment. Secondly, the MPPT Buck converter was implemented experimentally using microcontroller Freescale HC08-QT4. The results show the good performance of the control technique and the improving of the efficiency of the system.
Modeling of the cell and solar panels

A. Principle of Operation and Equivalent Circuit
The operation of solar cells may be described from a PN junction where there are diffusion currents and drift currents for the direct and reverse polarization, respectively. Usually, the cells operate in reverse direction so that the current drift is desirable. When the PN junction is exposed to light, photons with energy greater than the gap of energy are absorbed, causing the emergence of pairs electron-hole. These carriers are separated under the influence of electric fields within the junction, creating a current that is proportional to the incidence of solar irradiation [6] . Based on this complete equivalent circuit, the output current of the solar cell can be calculated as, Considering the characteristic IxV the PN junction, the output current of the cell can be rewritten of the way: According [7] , the parallel resistance has greater influence in the region of low voltages where the current through of the equivalent circuit is very small. This resistance is mainly due to the leakage of current in the cell surface, acting significantly only when the cells are in low brightness. The series resistance has origin in the metallic contacts and it offers significant influence on the performance of the solar cell.
Other approximate models can be built in accordance with the type of application. A simplified model is shown in Fig. 2 and its equations are given by (3) and (4). Looking up the equations (1) to (4), it can be observed a high dependence of the output current of the cell in relation to the temperature and solar irradiation. In function of this, the output power of the cell is strongly dependent of the climate conditions in which it is placed. Experimental observations show that between the dawn and the dusk or on cloudy days and/or rainy, the yield of the photovoltaic generator sets appreciable variations in terms of generated power [8] 
The model using MatLab -Simulink
The Buck Converter and the MPPT Algorithm
Due to the variations of the temperature and solar irradiation, the voltage generated by the solar panel must be applied to power converters that provide the conditioning required by the type of load. To increase the efficiency of the photovoltaic system, it is fundamental that the control of the converter guarantees its operation near to the maximum power point, independent of the conditions of solar irradiation and/or temperature.
In this section, it will be presented the design and simulation of a buck converter controlled by the maximum power point tracking algorithm. The algorithm used is the Perturb and Observer (P&O) that offers good conditions to its digital implementation [10] . The basic structure of a DC-DC converter, called step-down or Buck, is presented in Fig. 6 . 
A. The maximum power point tracking algorithm
Due to the low efficiency of solar panels, one of the major challenges in relation to the design of photovoltaic generators refers to the maximum utilization of energy generated. In general, the pulse width modulation (PWM) techniques are used to provide the control of the power converter, responsible for the transfer of energy from the solar panel to the load. Every variation of temperature or solar irradiation causes changes on the electric characteristics of the solar panel and it is needed a new point of operation. To guarantee an operation under better delivery power conditions, a common type of control used is the Maximum Power Point Tracking Algorithm (MPPT). Several algorithms have been proposed, among these, the algorithm Perturb and Observer (P&O) is used in this work [1] . Fig 7 and 8 show the flow chart and the block diagram with the necessary steps for the implementation of the P & O algorithm. Samples of current and voltage of the system are acquired and used in the calculation of the current and previous power. A delay time was introduced after the sampling to calculate the previous power and to provide the comparison between the power signals according the strategy of the algorithm P&O.
The high-efficient converter photovoltaic
The complete diagram of the converter with control MPPT is shown in Fig. 9 , including all elements described previously. 
Experimental results
Essentially, the prototype developed is composed of one photovoltaic panel associated with a Buck converter controlled by P&O algorithm. Initially, the output of the system was connected to a resistive load equal to 5 Ω and, after this, to a 12 VDC battery. Fig. 15 shows the electrical diagram of the experimental set. In all cases, the operation points of the solar panel were located to the right of graphics, always near to the point of maximum power. With the battery as load, showed by Fig. 18 , the system offered better performance, even for lower levels of solar irradiation. 
Conclusion
The location of the operation points near the region of maximum power point indicates the good performance of the prototype developed. The work allowed to detailed analysis of a photovoltaic generator composed by the association of a solar panel, Buck converter with MPPT control and loads type resistive or battery by means of resources of simulation and experimentally. From mathematical modeling of the solar panel, it was developed a flexible structure to the simulation accounting the effects of changes in solar irradiation, temperature and load. A Buck converter was designed for the desired operating conditions. The system was implemented experimentally with a micro-controlled Buck converter. The experimental results confirm the good performance of the P&O technique for the maximum power point tracking of the solar panel.
Although the P&O algorithm presents some technical limitations facing sudden changes in weather conditions, the simplicity and facility of its implementation using programmable digital devices make it a great potential for applications of low cost and high efficiency of photoelectric conversion.
